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Abstract 
Nowadays, energy consumption is on the rise. This is not sustainable in the long run. The highest 
energy use in Town Councils takes place in street lighting installations. In order to help in this 
problem, we present a mobile service to evaluate the electrical consumption of these 
infrastructures. This new tool is able to make an estimation of energy demand of installations; 
on an easy and intuitive way thanks to an evaluation methodology which reduces the need of a 
large list of parameters used by other programs. As a result, the developed application also gives 
users the opportunity to compare the efficiency of the installation evaluated with others 
previously evaluated to increase energy efficiency. The application was tested with two different 
experiments to ensure its correct running and to evaluate both the estimation accuracy and 
usability. 
Keywords: Energy Consumption, HTML5, Smartphone, Usability. 
1. Introduction 
Energy saving has become the most urgent environmental problem to be addressed by all 
societies. Street lighting is one of the main energy consumption in local governments. It 
typically accounts for 30-60 percent of greenhouse gas emissions [20]. Nevertheless, evaluation 
and operation of electric lighting design shows that the improvements could save up to 50% of 
energy [14]. There are many possibilities to achieve this reduction, such as reducing high 
illumination level, improving quality of lighting, removing light pollution or changing 
standards [4]. However, these improvements often require large investments, complicating their 
implementation. 
 At present, the average consumption of Spanish lamps is one of the highest in the European 
Union countries, with an approximate consumption of 157W per lamp, well above United 
Kingdom, 76W, or Netherlands, 61W [17]. 
 Once the government realized this overuse, the Royal Decree 1890/2008 [16] was 
established to improve efficiency and energy saving. However, not all the Autonomous 
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Communities have implemented dimmable lighting systems as Andalusia, where the percentage 
of installations without this system obligatory is 64% [8]. 
 Another possible cause of the problem about the excess of energy consumption could be 
the lack of awareness of maintenance managers. To solve this, there are some programs to 
calculate the efficiency of energy consumption, but all of them have been developed as 
computer applications and not mobile phone. However, Town Councils do not take advantage 
of them, sometimes because of the lack of qualified employees or because the program is only 
linked to a specific manufacturer, limiting a full performance.  
 Keeping in mind that mobile systems, such as smartphones, have become the primary 
computing platform for many users [2]. We have developed a mobile application which 
estimates electrical energy consumption on street lighting installations, independently of 
manufactures, and gives the opportunity to compare with other. 
 The purpose of this system is to give users the possibility to make an estimation of the 
consumption of installation in a simple and intuitive way. To check the correct running of the 
application developed, it was tested in two different ways: an evaluation of the estimation 
accuracy with real installations, and a study of the usability of this tool. 
2. Related Work 
Nowadays, there are plenty programs to evaluate energy consumption in buildings. However, 
similar systems applied to street lighting are not common and, in most of cases, the level of 
knowledge required is too high. So far no mobile applications are known. Nevertheless, the 
study of the existing programs can be used as a base to improve the application scope. 
One of the most renowned programs is DIALUX, which allows creating a 3D virtual world 
where real lighting effect may be recreated. It also gives information related to power 
consumption of each element to guarantee the compliance of regulations [7]. The strength of 
this tool is the database with information from the main lighting manufacturers, providing more 
accurate evaluations. 
Another tool is CALCULUX, helping lighting designers to select and evaluate lighting 
systems [12]. The program allows predicting financial implications; including energy, 
investment, lamp and maintenance costs for different luminaire arrangements. Although, it 
main weakness again is the exclusive relation with Philips products.  
RELUX is a light calculation program. It is based on the solid angle projection procedure, 
to calculate street lighting as per different standards in order of the kind of lighting evaluated. 
In the case of street lighting the normative used is EN 13201[3]. 
After studying the features of them, it was observed that their complexity was not 
compatible with mobile devices. In this context, usability and compactness of the information 
displayed has a significant role. 
The main usability hurdles for mobile devices are small screens, awkward input, download 
delays and mis-designed sites [15]. Knowing these disadvantages, before starting to develop 
the application, it is necessary to perform a study to reduce as much as possible the information 
needed to make the evaluation. Therefore, a study was conducted to obtain the minimum 
requirements to make a correct evaluation. 
3. Energy Consumption Analysis 
The methodology used to estimate the electrical energy consumption of street lighting systems 
is as follows: Firstly, it analyzes the main components which affect to the energy consumption. 
Secondly, it describes how the application calculates the electrical energy consumption. 
3.1. Components Influencing Energy Consumption 
Street lighting installations are mainly formed by lamps, ballast, street lighting control system 
and dimmable lighting system. To ensure about the influence of each one in final energy 
consumption, they have been studied individually. 
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 The most important component in street lighting is lamps. Depending on the technology 
used, different sorts of lamps can be found: stand mercury vapor, high pressure sodium, low 
pressure sodium, high pressure ceramic metal halide and led lamps. Each kind has a different 
response to external factors [22]. After studying them, it was discovered that the most important 
factor is the lamp voltage, which defines the final lamp power. This factor influences differently 
depending on the type of lamp. 
 Analyzing the voltage separately shows how this factor is not constant over time. The 
fluctuations on voltage may vary the power of the lamp up to 0.5% [19]. In spite of nominal 
voltage is 220V, the fluctuations may even reach values up to 249V. This overvoltage situation 
shortens the lifetime of lamps, dissipating more power than its rated power. 
 To solve overvoltage problems, street lighting installations use dimmable lighting systems, 
which are able to control the voltage. At present, these systems allow saving energy thanks to 
the configuration of the input voltage, being capable of reducing it based on some parameters 
like traffic flow or weather conditions [23]. All these features enable the evolution to adaptive 
lighting systems where the luminous flux of the installation can be controlled. The minimum 
luminous flux level was established on 50% because this dimming has no influence on 
observers and drivers visibility [1]. 
 Another component associated with the consumption is ballasts. This device is required to 
control the lamp. There are three sorts: electromagnetic, inductive and electronic. In spite of the 
main difference between them is the electrical energy consumption, there are other differences 
to be taken into account, such as losses caused by iron and copper or losses in the magnetic 
choke [18]. If the value of the power associated to this element is unknown, the Royal Decree 
defines a maximum value depending on the sort of lamp. 
 The running time of the installation is managed by the street lighting control system. There 
are two different options in the market: astronomic time switch, twilight switches. The burning 
hours of the devices is different due to the differences on working criteria on the devices. While 
astronomic time switch allows controlling the switch on and off according to sunrise and sunset 
hours [21]. Twilight switches measures the amount of natural light available and turns on and 
off the lamps on a specific level of light [10]. 
3.2. How the Application Calculates the Electrical Energy Consumption 
After understanding the performance of the components which affect in energy consumption, 
an estimation of total energy consumption can be calculated. To do this, the methodology used 
estimates the final consumption of installation as the sum of all of the streetlights. To calculate 
the energy of each luminaire, knowing the ballast power (𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏) is necessary, but also the 
nominal lamp power (𝑃𝑃𝑏𝑏𝑏𝑏𝑙𝑙𝑙𝑙), the impact of the current voltage over it (𝑉𝑉𝑖𝑖𝑙𝑙𝑙𝑙𝑏𝑏𝑖𝑖𝑏𝑏) and the number 
of burning hours (𝑁𝑁ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑏𝑏), as is shown below: 
 
𝐸𝐸𝑖𝑖𝑜𝑜𝑐𝑐𝑏𝑏𝑜𝑜𝑙𝑙𝑙𝑙𝑏𝑏𝑖𝑖𝑜𝑜𝑐𝑐 = ((𝑃𝑃𝑏𝑏𝑏𝑏𝑙𝑙𝑙𝑙 ∗ 𝑉𝑉𝑖𝑖𝑙𝑙𝑙𝑙𝑏𝑏𝑖𝑖𝑏𝑏) + 𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏) ∗ 𝑁𝑁ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑏𝑏 
 
(1) 
4. Proposed System 
To evaluate the energy consumption, a new application (SOLE - System to evaluate the Outdoor 
Lighting Energy demand) is proposed in this paper. The application has been developed as a 
Smartphone application, so that maintenance managers can conduct energy-estimating 
operations easily and quickly. The main aim of this application is to evaluate street lighting, 
showing the prediction of energy and number of burning hours. To create energy awareness, 
the tool also shows a comparative chart in which the average of their power lamps is compared 
with other evaluated by the system. The application architecture and its use are explained in the 
following sections. 
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4.1. Application Architecture 
The main problem observed to develop a mobile application is the number of existing platforms 
in markets. The variety of systems hinders developing native applications valid for all devices 
due to their differences on programming languages [5]. 
Developing native applications has, in some cases, a cost associated with the development 
and deployment in certain platforms. However, mobile applications built on HTML5 allow cut 
down the development time and cost with the advantage of being portable not only between 
mobile platforms, also giving the opportunity to develop a webpage, which can make the 
application available to be used by mobile devices without having to install new programs. 
Nevertheless they also have some limitations. While HTML5 offers many JavaScript APIs that 
give access to several device services, the reality is that their implementation in mobile devices 
is not always complete [9]. Maybe HTML5 applications do not achieve the same performance 
as native applications, but the lower cost and cross-platform availability of web applications 
are clear advantages [11]. For these reasons, and after analyzing the needs of the application, 
we have created a new HTML5-based mobile application where the user can check the energy 
behavior of a street lighting installation. 
The most important factor for mobile users is the battery life [13]. For that reason, and to 
ensure the computation of the energy evaluation is not too intensive to be performed on a mobile 
device, the computation is performed in the server. In this way, the changes made on the 
database or on the calculation methodology do not affect the application behavior. 
 
 
Fig. 1. App Architecture 
4.2. Displaying Energy Consumption 
The first screen shows an introduction of the tool, where you can find also information related 
to the aim of the application (figure 2(a)). It is possible to come back to this screen from 
anywhere of the program thanks to the navigation toggle button placed at the top of the screen. 
When users start the installation evaluation of the installation, the first thing to do is to 
register all the features of the equipment devices (city, lamps and so on) by means of the form 
showed on figure 2(b). As it is known, the screen size may hinder the input of data. For that 
reason, the form was divided into three different parts. Thereby the user has to pass through 
them to enter all the information. 
When the information is set, the application sends the information to the server and waits 
for the energy evaluation. After receiving the server’s response, the user obtains the results. The 
intention is that the incorporation of simple interactive graphics, which are supplemented by 
small portions of relevant information, gives users the opportunity to check the data [6]. As it 
happens with the input form, the result has been divided into two different screens to simplify 
the use of the tool. To switch between these options, two buttons are placed, one for each section 
of results: 
 In the first section, two charts with the information about the energy consumption and 
the burning hours can be observed. If the user introduces real consumption values, these 
data will be shown in the same chart together energy estimation (Figure 2(c)).  
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 The last section shows a comparison between the average of power per lamp of the 
infrastructure and the average of other installations of the same province which has 
been previously evaluated by the system. Besides the chart, the distribution of lamps 
according to the kind of technology used is shown (Figure 2(d)). 
  
                         
      (a) Index                  (b) Input Form        (c) Energy evaluation      (d) Energy comparison 
Fig. 2. Application screenshots 
5. Results and Discussion 
Two experiments were conducted to evaluate the application from the following viewpoints: 
 Capability to evaluate energy consumption: Could the application estimate energy 
consumption of street lighting installations? 
 Usability for sustainable operations: Is the application easy and interesting enough to be 
used as an energy evaluation tool? 
5.1. Capability to Evaluate Energy Consumption 
To answer the first question, it was obtained information related to street lighting installations 
in 4 different municipalities (Villaluenga de la Sagra, Tielmes, Tardajos and Rabanales) in order 
to check the application. The collection of information related to energy consumption was 
obtained thanks to energy bills. It is worth stressing the absence of dimmable systems in all the 
installations evaluated. Once the information was collected, the main drawback observed in 
most cases was the lack of information related to the number of burning hours, or the 
information about the ballast power. In these cases the application solves the problem giving 
an approximation of these values thanks to the study made previously about each device. 
As a result, an average error produced on complete simulations up to 5% was observed. On 
the other hand, when the data has lack of information about the installation, the error could 
increase up to 10%. That error may be due to different factors such as fluctuations on voltage 
or the characteristics of components. Figure 3 shows a chart with a real comparison between 
the energy estimation and the real energy value on the municipality of Tardajos, Burgos. 
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Fig. 3. Differences between estimated and real energy consumption in the municipality of 
Tardajos, in the province of Burgos 
5.2. Usability for Sustainable Operations 
The next experiment was made in order to check the level of users' acceptance of the tool, where 
8 subjects tested the tool. To be sure about the understanding of the developed application, the 
selected users have different levels of knowledge about street lighting. 
During the experiment, a sheet with different parameters of an installation was given to 
users, who had to introduce the information in the application. To analyze how users insert the 
information, the sheet had more information than required on the application form. The 
experiment was carried out using two devices with different characteristic with the purpose of 
obtaining more information about the influence of the screen size on the usage of the tool. Each 
user performed the experiment only with one of the devices. The devices used were: 
 7 inches tablet (BQ Pascal Lite C). 
 3.5 inches smartphone (Samsung Galaxy Ace). 
Once the experiment finished, the users had to fill out a questionnaire with several questions 
to evaluate and give their opinion about the application. 
Thanks to the questionnaire, we have realized that difficulty of use increases when the 
device has a small screen. The main reason is the need of use the keyboard, which occupies 
most of the screen; and the presence of a list of buttons at the bottom of the screen, which 
hampers displaying the form fields. In spite of that, it is important to highlight how users qualify 
the complexity of use as medium (3), even with low knowledge about street lighting. The 60% 
of the respondents highlight how the interface is helpful to follow the steps to complete the 
experiment. 
When they were asked about the result of the evaluation, 75% of the respondents indicated 
as high point the quality of the charts, which gives the opportunity to display information by 
month just touching the value points. Moreover, the interviewed stand out that this developed 
tool should raise the energy awareness. Figure 4 shows the main results of the questionnaire 
made following the Likert scale. 
 
 
Fig. 4. Results of the questionnaire evaluated using a Likert scale (1-Low, 5-High) 
0
1
2
3
4
5
Previous experience
with mobile devices
Level of knowledge
about street lighting
Level of difficulty
of the tool
Level of quality of
the result
Utility of the tool on
energy awareness
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6. Conclusion 
High energy consumption of street lighting systems has propitiated the development of 
programs to evaluate them. However, their complexity makes difficult their use by 
inexperienced users. These programs create a simulation of a detailed scenario to be able to 
perform the evaluation, needing the input of a long list of parameters, most of them without 
impact on energy consumption. 
The main benefit is the contribution of an unique mobile application, known as SOLE 
(System to evaluate the Outdoor Lighting Energy demand), which simplifies the evaluation of 
street lighting energy consumption. The result is a manageable and intuitive application that 
estimates the electrical energy consumption and the number of burning hours without the 
influence of a specific manufacturer. It should be noted that the comparison chart among 
installations was the better evaluated in the form because users realize of their real situation. 
Throughout the experiment conducted to check the usability of the tool, we observed how 
an intuitive interface may help users to solve the drawback of a low level of knowledge on 
street lighting installations. 
Finally, we would like to point out how the size of the screen was the main drawback to be 
solved on the developing stage. As a result on the last test we realized that the complexity of 
the application increases when users use a device with small screen. The main reason is the 
need to use the keyboard and a list of buttons at the bottom of the screen, thus hampering the 
display of the fields. 
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